Background: Controversy exists about the safety of substituting generic antiepileptic drugs (AEDs). Lamotrigine, the prototypical newer AED, is often used for psychiatric and neurological conditions other than epilepsy. The safety of generic substitution of lamotrigine in diverse populations of AED users is unclear. Objective: The objective of this study was to evaluate potential associations between generic substitution of lamotrigine and adverse consequences in a population of diverse users of this drug. Study Design: This study was a retrospective cohort-crossover design using state Medicaid claims data from July 2006 through June 2009. Methods: Subjects were included in the cohort if they converted from brand to generic lamotrigine and had 2 years of lamotrigine use prior to conversion. The frequency of emergency department (ED) visits, hospitalizations and condition-specific ED visits or hospitalizations were recorded in the 60 days immediately following the conversion to generic lamotrigine, then compared with the incidence of the same events during a randomly selected time period indexed to one of the patient's past refills of branded lamotrigine. Multivariate conditional logistic regression was used to quantify the association between generic conversion and health services utilization while controlling for changes in lamotrigine dose and concurrent drug use. Results: Of the 616 unique subjects included in this analysis, epilepsy was the most common diagnosis (41%), followed by bipolar disorder (32%), pain (30%) and migraine (18%). Conversion to generic lamotrigine was not associated with a statistically significant increase in the odds of an ED visit (adjusted odds ratio [AOR] = 1.35; 95% confidence interval [CI] 0.92, 1.97), hospitalization (AOR = 1.21; 95% CI 0.60, 2.50) or condition-specific encounter (AOR 1.75; 95 CI 0.87, 3.51). Conclusions: A statistically significant increase in ED visits, hospitalizations or condition-specific encounters was not observed following the switch from brand to generic lamotrigine, although a type II error cannot be ruled out.
Introduction
Promotion of generic prescription drugs is a major strategy used to manage the rising costs of medications. [1, 2] The US FDA requires generic manufacturers to provide pharmacokinetic evidence that their generic product demonstrates plasma level profile characteristics very similar (i.e. bioequivalent) to the originator drug in order to be considered therapeutically equivalent. [3] Specifically, bioequivalence of two products is established when 90% confidence intervals (CI) for the means of the ratios of the maximum plasma drug concentration (C max ) and the area under the drug plasma concentration-time curve (AUC) fall within 80-125%. [3] A review of 2070 studies from completed FDA applications for approved generics shows mean differences in C max and AUC are 4.4% (SD = 3.5) and 3.6% (SD = 2.9), respectively. [4] Clinical evidence suggests important differences between most branded and generic drugs are negligible. [5] Significant controversy exists over generic substitution of antiepileptic drugs (AED). [6] Because small changes in AED plasma concentrations can impact seizure control as well as toxicity in patients with epilepsy, lingering concerns about true bioequivalence exists. [6] [7] [8] [9] [10] [11] [12] Many contend that even minor absorption and kinetic differences can elicit a breakthrough seizure in patients who are converted to a generic AED. [13] In response to these concerns, the American Academy of Neurology has issued a policy statement opposing generic substitution of AEDs for the treatment of epilepsy without physician approval. [14] However, the evidence supporting this policy and clinical assertion has been mixed and mostly based on anecdotal and observational epidemiological research. [15] [16] [17] [18] Propelled by the increase in prescribing for conditions other than epilepsy, newer AEDs such as gabapentin, lamotrigine and topiramate have become major expenses for healthcare payers. [19] In recent years many newer AEDs have lost patent protection, and opportunities for significant savings by payers and consumers exist. [20] Lamotrigine (brand name Lamictal Ò ; GlaxoSmithKline, Research Triangle Park, NC, USA) is a newer AED that is FDA approved for the treatment of epilepsy and bipolar disorder. It also has gained significant off-label use for pain, migraine prophylaxis and fibromyalgia. [21, 22] In July 2008, a generic competitor of Lamictal Ò was approved and released for marketing. While large economic incentives to develop and support policies permitting generic substitution exist, there is a critical need to evaluate the safety of such policies in diverse populations of AED users. To this end, we conducted a retrospective cohort-crossover study aimed at assessing potential adverse outcomes of generic substitution of lamotrigine for diverse indications among patients enrolled in the Oregon Medicaid program.
Methods
The cohort was constructed using administrative claims data from the Oregon Medicaid program between July 2006 and June 2009 (3 years inclusive). Patients converting from branded to generic lamotrigine were considered for inclusion, and the first date a patient filled a prescription for generic lamotrigine was considered their conversion date. Subjects were selected for cohort inclusion if they had 2 or more years of sustained lamotrigine use. We required patients to be chronic users in order to ensure they had sufficient historical brand lamotrigine use for the crossover period. Sustained use was defined by calculating each subject's proportion of days covered (i.e. interval between first and last fill date plus last day supply divided by the total days supply dispensed during the interval). We excluded subjects if they had any gap in therapy more than 31 days or had a proportion of days covered <80% during the study period. Subjects were required to maintain Medicaid enrolment for a minimum of 60 days following the conversion date. The control time period was indexed relative to a randomly selected branded lamotrigine fill (control index date) at least 120 days prior to generic conversion. We indexed the control period to a drug fill date to better mirror healthcare utilization that is purely associated with pharmacy filling. While most previous case-control studies used a 180-day exposure window, we selected a 60-day exposure window to be more compatible with the cohort-crossover design. The cohort-crossover and case-crossover studies are best suited for exposure outcome relationships that are transient and acute in nature. [23, 24] We also conducted a sensitivity analysis that did not require subjects to have sustained use of lamotrigine to assess the robustness of our primary analysis. For this analysis, subjects were required to have at least one pharmacy or medical encounter claim in each quarter for 2 years prior to generic conversion. This criterion was applied to ensure subjects were enrolled and utilizing Medicaid members during the control period.
Adverse medical encounters in the 60 days following generic lamotrigine conversion were compared with 60 days following the randomly selected historical control period. Adverse medical encounters were defined as an emergency department (ED) visit, hospitalization, combined ED visit or hospitalization, epilepsy-related ED visit or hospitalization, or any ED visit or hospitalization with a diagnosis that might be treated with lamotrigine (condition-related). Encounters in the ED were identified as medical claims with the following Current Procedural Terminology codes: 99281-99285, 99288. Hospitalizations were defined using claims paid through a DiagnosisRelated Group code. We also identified ED encounters and hospitalizations for conditions possibly treated with lamotrigine. Specific diagnoses were identified using the International Classification of Diseases, Ninth Revision (ICD-9) coding. Encounters for epilepsy were defined using ICD-9 codes 345.xx. Other conditions where lamotrigine might be prescribed (both on and off-label) include bipolar disorder (296.0x, 296.1, 296.4x, 296.5x, 296.6x, 296.7x, 296.8x, 296.9x), neuropathic pain (350.xx, 357.2x, 250.6x), other types of pain such as back pain, fibromyalgia (724.x, 729.1x, 338.x), migraine and headache (346.x, 784.0x) and depression (296.2x, 296.3x, 311, 296.82, 296.9x, 309.0x, 309.1x).
While subjects served as their own comparator, we attempted to control for changes in comorbidity over time by quantifying various patient features in the 60 days prior to both the conversion event and the random historical control span. We refer to these lead-up times as 'baseline' periods, with the 'control baseline' and the 'conversion baseline' referring to the 60 days prior to the control period and conversion period, respectively. Within these baseline periods, we quantified lamotrigine dose and concurrent medication usage. The average daily lamotrigine dose was computed for each baseline period using the drug strength field, day supply and quantities dispensed field (daily dose = (strength*quantity dispensed)/ day supply). Other psychotropic medication use including anxiolytics (benzodiazepines and buspirone), other AEDs (carbamazepine, valproic acid, gabapentin, levetiracetam, oxcarbazepam, phenytoin, topiramate and pregabalin), antidepressants (older tricyclic antidepressants [TCAs], selective serotonin reuptake inhibitors [SSRIs] and selective noradrenaline (norepinephrine) inhibitors [SNRIs]), second-generation antipsychotics, mood stabilizers (lithium) and drugs for migraine treatment (triptans) were also quantified for the baseline periods. Finally, we quantified co-morbid conditions of the cohort during the baseline periods using the diagnosis codes outlined above. We did not determine incident diagnosis dates for these conditions and assumed patients were affected uniformly from cohort entrance to end.
The unit of analysis was the matched periods for each subject; thus paired analyses were used for all comparisons. Categorical data between the generic conversion period and the control period were compared using McNemar's chi-square test. Continuous data were compared using paired Student's t-test or Wilcoxon signed-rank test where appropriate. Conditional logistic regression models with a backwards stepwise algorithm (p-value to stay <0.05) were used to evaluate the association between cohort periods and the incidence of adverse outcomes of interest while statistically controlling for concurrent drug use and lamotrigine dose during the baseline period. Identical statistical procedures were performed on the expanded cohort for the sensitivity analysis. Data were managed using Microsoft Ò Access (Microsoft Corporation, Redmond, WA, USA) and statistical analyses completed using SAS Ò (version 9.2; SAS Institute Inc., Cary, NC, USA). This study was approved by the Oregon State University Institutional Review Board and by the Oregon Department of Human Services.
Results
Between July 2006 and June 2009, 6782 patients had at least one prescription filled for lamotrigine. Of this group, 616 patients met the inclusion criteria and were included in the study. Figure 1 shows how subjects were eliminated from the study. Table I shows the demographic and clinical characteristics of the study sample and the underlying lamotrigine user population. While the study sample was similar to the entire lamotrigine user population with respect to age, sex and race, substantial differences in co-morbid psychiatric or neurological conditions were present. A diagnosis of epilepsy was more than twice as common in the study group relative to the entire user population (41% vs 18%). Conversely, the prevalence of bipolar disorder was twice as high in the entire population relative to the study sample (65% vs 32%). Diagnoses of depression (28% vs 16%), migraine (21% vs 18%) and non-neuropathic pain (34% vs 30%) were also more common in the underlying population compared with the study sample.
The use of concurrent medicines was common but not statistically significantly different between conversion and control periods. Table II shows the use of related medicines in both baseline periods by class. Over 50% of study subjects had evidence of at least five or more concurrent medicines filled during the two baseline periods. The most common concurrent medications were antidepressants (51.3-51.8%), followed by anxiolytics (39.9-41.2%), antipsychotics (39.8-40.9%) and other AEDs (32.0-33.6%). While the absolute numbers were low, the use of mood stabilizers (i.e. lithium) was statistically significantly higher during the conversion period relative to the control period (5.5% vs 4.1%; p = 0.0027). The average daily dose of lamotrigine declined slightly from 282.7 mg to 281.3 mg from 60 days prior to generic conversion to the 60 days following conversion. The average daily lamotrigine dose increased slightly from the control baseline period (250.5 mg) to control observation period (259.2 mg). The net difference in this change was a 10.0 mg/day increase and was statistically significant. Table III shows the results of our univariate analysis and conditional multivariate logistic regression models. The risk of all ED encounters following generic conversion was 15% compared with 13% in the control period (adjusted odds ratio = 1.35; 95% CI 0.92, 1.97). The rate of allcause hospitalizations was 2.9% following generic conversion and 2.4% in the control period (adjusted odds ratio = 1.21; 95% CI 0.60, 2.46). Conversion to generic lamotrigine was not associated with a statistically significant increase in the risk of an epilepsy-related ED or hospitalization (adjusted odds ratio = 1.25; 95% CI 0.49, 3.17) or an ED or hospitalization for any condition possibly treated with lamotrigine (adjusted odds ratio = 1.75; 95% CI 0.87, 3.51). When we stratified our analysis by patients with or without epilepsy, similar estimates of associations were observed.
Results from our sensitivity analysis in a less restrictive population of 1092 lamotrigine users during the same period were similar to primary analysis. Adjusted odds ratio for all-cause ED encounters or hospitalizations in the expanded study sample was 1.18 (95% CI 0.92, 1.53) compared with 1.16 (95% CI 0.81, 1.67) in the primary sample. The results of this expanded analysis are shown in the Appendix.
Discussion
In this observational cohort-crossover study, we were unable to find evidence of a statistically significant increase in adverse events following conversion to generic lamotrigine. While several 95% CIs included estimates of up to a 3-fold increase in odds of adverse encounters and cannot be altogether discounted, the point estimates suggest that any additional risk is low or modest. This study consisted of patients with sustained Medicaid enrolment and chronic lamotrigine use. Because of the co-morbidity and disability inherent in such a cohort, it is likely that these individuals would be the most sensitive to small changes in formulation following generic substitution. Within the larger lamotrigine-using population during this period, nearly two-thirds of patients had a diagnosis of bipolar disorder, a condition where dosing is typically not as high and therapeutic drug monitoring not usually recommended. [25] Less than half of the cohort in this study had a diagnosis of epilepsy. Stratified analyses of patients with epilepsy were consistent with the overall findings. Results from our sensitivity analysis were similar to the primary study sample.
A qualitative and quantitative systematic review of the evidence comparing generic with branded AEDs by Kesselheim et al. [15] has been recently conducted. In their synthesis of both randomized and observational studies, conflicting evidence emerged about risks of conversion-related adverse events. The observational studies included in this review generally demonstrated significant safety problems associated with generic AEDs.
Case-control studies by Rascati et al., [26] Zachry et al. [27] and Hansen et al. [28] all demonstrate an association between seizure-related events and generic AED conversion with odds ratios ranging from 1.57 to 1.81. However, another case-control study with arguably better co-morbidity adjustment did not find a statistically significant increase in risk associated with generic conversion (adjusted odds ratio = 1.08; 95% CI 0.91, 1.3). [29] Observational cohort studies provide similar conflicting evidence. LeLorier et al. [30, 31] and Duh et al. [32] conducted a series of studies that investigated the impact of generic substitution of AEDs, specifically lamotrigine and topiramate, on healthcare utilization and costs among those with epilepsy. In their analyses, subjects who switched to a generic AED were more likely to switch back to the brand compared with non-AED generic switchers. Additionally, periods of generic AED use were associated with increased healthcare utilization. A similar observation in a broader class of AEDs among those with epilepsy has been put forth by Labiner et al. [33] However, work by Erickson et al. [34] failed to demonstrate that switching from branded lamotrigine or divalproex was associated with an increased risk of ED use or hospitalization. A major limitation of existing pharmacoepidemiology research is that patients and providers may have preconceived negative connotations about the effectiveness of generic AEDs that results in anxiety or stress that can trigger a seizure. [11] The so-called 'nocebo effect' may also contribute to patients being more self-aware of adverse effects or other symptoms such as changes in seizure activity. In contrast, data from prospective crossover trials, while limited, have yet to demonstrate conclusively a loss of seizure control following conversion from a branded AED to its generic. [15] Among 16 randomized trials evaluated, the evidence was equivocal about the superiority of branded versus generic AEDs, although many of these trials were small and involved older AEDs such as carbamazepine. Another limitation of the existing AED literature is that it is primarily confined to populations with epilepsy while most newer AEDs are used for other psychiatric and neurological conditions ranging from bipolar disease to migraine prophylaxis and neuropathic pain. [21, 22] Our study is consistent in approach and findings to a recent study by Gagne et al. [35] who used pharmacy and medical data from British Columbia, Canada to evaluate the association between generic switching and refilling of AEDs and seizure events. In their case-crossover study, refilling the same AED (from the same manufacturer) in and of itself was associated with a 2-fold increase (odds ratio = 2.31; 95% CI 1.56, 3.44) in the odds of having a seizure among subjects with epilepsy. After controlling for the risk inherent with refilling an AED medication, these investigators found that switching to a different manufacturer was not associated with a statistically significant increase in the risk of seizure events (odds ratio 1.19; 95% CI 0.35, 3.99).
The retrospective cohort-crossover study is analogous to both an observational case-crossover study as well as prospective crossover designs. The case-crossover study was initially developed for the purpose of avoiding many of the biases inherent in selection of controls. [23] Rather than selecting traditional controls, cases serve as their own control at a different time point. [24] The design is best suited to evaluate the association between transient exposures and acute outcomes while controlling for confounders, known and unknown, that are relatively stable over time. However, like all observational studies, the cohortcrossover study is limited by lack of randomization and blinding. Non-statistically significant, yet positive associations between generic conversion and utilization observed in our study may reflect this potential for bias.
Our study has several other limitations that need to be acknowledged. This study is based on administrative pharmacy and medical databases not intended for research. Both cohort-defining exposure and outcome variables are subject to misclassification. While pharmacy data are typically recognized as a good approximation of medication use, medical encounter data do not always reflect true clinical outcomes and comorbidity. [36] Because the analysis was based on administrative data it seems likely that any misclassification would be random and bias towards the null hypothesis. We employed an observational analogue of the crossover trial design in an attempt to control for differences in co-morbidity between distinct cohorts of generic switchers and non-switchers. It is possible that over time an individual's disease severity may increase, thus increasing an individual's risk for an adverse event. This would result in the conversion period being associated with a higher frequency of medical encounters, thus biasing towards an increased odds ratio. Furthermore, because subjects were followed for 2 years through generic conversion, the selected cohort by definition did not experience a fatal adverse event during the control period, or was not lost to follow-up for any other reason. This artificial construct would likely bias towards increased co-morbidity and associated utilization in the distal observation period. Our primary findings were not statistically significant and could be explained by a type II error. The 95% CIs for several estimates of association include up to a 3-fold increase in risk for an adverse event. While the merits of post hoc power analyses are debatable, we estimate our study had power sufficient to detect a 55% increase in the odds of an ED encounter (1-b = 0.8; control period event rate = 0.13). [37] Our sensitivity analysis using less restrictive enrolment criteria would have had power to detect a 37% increase in the odds of an ED encounter (1-b = 0.8; control period event rate = 0.16). These estimates of risk increase are similar to those found in other observational studies (odds ratios~1.8). [15] Finally, our results may have limited generalizability due to the Medicaid population from which the cohort was derived. Because patients enrolled in Medicaid, especially those with prolonged enrolment, are typically comprised of poor, elderly or disabled individuals, our findings may be less applicable to other less severely ill populations (e.g. employee-sponsored healthcare plans, Medicare).
Conclusions
In summary, our results contrast with casecontrol studies by Zachry et al., [26] Rascati et al. [27] and Hansen et al. [28] who observed a statistically significant association between seizure events and a switch in AED formulation. While the precise reason for this discrepancy is unclear, our findings, especially when taken in context with those of Gagne et al., [35] suggest that conversion to generic lamotrigine is not associated with a statistically significant increase in adverse outcomes. The data from Gagne et al. [35] suggest the act of refilling the same formulation of an AED may predispose or portend a loss of seizure control. However, because our CIs were wide, we cannot exclude the possibility that generic conversion may lead to unintended harm. Despite these limitations, our results offer greater generalizability for patients who are taking this drug for conditions other than epilepsy.
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